Background The dramatic clinical consequences of anastomotic leakage in gastrointestinal surgery can be reduced by a diverting stoma or drainage of the peri-anastomotic area. Currently, the surgeons' clinical judgement is of major importance in decision making, but reliable data of the diagnostic accuracy are lacking. In this prospective clinical study, the surgeons' predictive accuracy for anastomotic leakage was evaluated. Materials and methods In 191 patients undergoing colorectal resection with anastomosis, the risk for anastomotic leakage was determined by the surgeon on the basis of a visual analogue scale (VAS). This risk assessment was compared to the actual occurrence of anastomotic leakage post-operatively. Results A total of 26 (13.6%) patients showed anastomotic leakage. The surgeons' median predicted leakage rate was 7.1% in anastomoses >15 cm from the anal verge and 9.5% ≤15 cm (sensitivity 38/62%, specificity 46/52%). Diagnostic accuracy was not influenced by the surgeons' training level (VAS score, surgeons 7.8% vs assistant surgeons 8.5%, p=0.96, sensitivity 41% vs 44%, specificity 59% vs 48%, p=0.20). Conclusion The surgeons' clinical risk assessment appeared to have a low predictive value for anastomotic leakage in gastrointestinal surgery. The low a priori risk of anastomotic leakage of 14% resulted in a low post-test odds (11%) of correct prediction of anastomotic leakage. This warrants the ongoing search for a better diagnostic test of anastomotic leakage to prevent morbidity and mortality.
Introduction
Gastrointestinal anastomotic leakage causes increased early mortality [1] and, following potentially curative resection of colorectal cancer, leads to higher recurrence rates and a poorer oncologic prognosis [2] . Clinically relevant anastomotic leakage rates range between 3% and 19% [1, [3] [4] [5] [6] [7] [8] [9] . Anastomotic leakage may remain localized, causing perianastomotic inflammation or abscess formation, or may progress to generalised peritonitis. Several authors have demonstrated that a diverting stoma, placed in the proximal colon or ileum during the initial operation, prevents anastomotic leakage [9] and clearly reduces the incidence of generalised peritonitis and thus reoperations, intensive care unit (ICU) stay and mortality [10, 11] . In pelvic anastomosis, drainage might reduce the consequences of anastomotic leakage [11] , similar to oesophageal anastomosis within the thoracic cavity. Given these possibilities to reduce the major consequences of anastomotic leakage during the initial operation, the operating surgeon might thus decide to construct a diverting stoma in case of high risk for anastomotic leakage if determined by a reliable predictive test.
So far, little is known about the accuracy of the clinical prediction of the risk of anastomotic leakage by the operating surgeon. Three studies have shown that the surgeons' global assessment is a predictor of complications in general [12, 13] and is even more accurate than risk assessment by Physiological and Operative Severity Score for the Enumeration of Mortality and Morbidity (POSSUM) scores [14] . Until now, no studies have been published evaluating the surgeons' clinical judgement on the risk of anastomotic leakage. The aim of the present study is to assess the accuracy of the surgeons' "gut feeling" for the occurrence of anastomotic leakage on the basis of a visual analogue scale.
Materials and methods
Patients undergoing gastrointestinal resection in a large teaching hospital and a University hospital between August 2006 and August 2007 were studied prospectively. After completing the operation, the surgeon was asked to predict the risk of clinically relevant anastomotic leakage on a visual analogue scale (VAS) as shown in Fig. 1 . Data on pre-and intra-operative risk factors for anastomotic leakage and post-operative complications were prospectively collected by review of patient files during hospital stay and after visit at the outpatient clinic (Table 1) .
Anastomotic leakage was considered to be present: (1) when described at relaparotomy or endoscopy, (2) when post-operative computerized tomography scan showed the presence of air or fluid collections or an infiltrate surrounding the anastomosis. Follow-up on anastomotic leakage was continued until 3 months after the initial operation or until discharge.
Of 242 patients, a total of 51 patients (21%) were excluded from further analysis (Fig. 2) . In 12 (5%) patients, no anastomosis was performed; in 37 (15%) no risk prediction VAS was filled out within 24 h after the operation. These patients did not differ in respect to the number of anastomotic leakages or in general risk factors. Two cases were excluded as their records on post-operative complications were missing. The remaining 191 patients were all included in the analysis.
Risk of clinically relevant anastomotic leakage
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100% Fig. 1 Visual analogue scale for prediction of risk for anastomotic leakage to be marked by the surgeon immediately after completing the operation 
The number of patients (% within leakage-non leakage) is shown and analysed in a stepwise backward manner. p values <0.05 were regarded as statistically significant.
Results
A total of 191 patients was analysed (patient characteristics are shown in Tables 2 and 3 ). Five (2.6%) patients died during the study period. In three of these patients, anastomotic leakage was present; two died of other causes. Twenty-six patients (13.6%) showed anastomotic leakage. In six cases (3%), leakage occurred in ascending and transverse colon anastomoses, eight (4%) in left colon anastomoses, and 13 (7%) in anastomoses within 15 cm of the anal verge. In 21 (81%) patients with anastomotic leakage, a re-operation was performed. Duration of ICU stay (0.5 SD 3 days vs 8 SD 12 days, p≤0.05) and hospital admission (11 SD 5 days vs 45 SD 41 days, p≤0.05) were significantly longer after anastomotic leakage. The operations were performed by a total of 32 different surgeons, either in the role of first operator or as an assistant surgeon or supervisor. If an assistant surgeon was the first surgeon for a procedure (93/48%), this was always supervised by a staff surgeon. Of all 191 operations, 151 (79%) were by an assistant supervised by a gastrointestinal surgeon, and in 75 (39%) operations, a gastrointestinal surgeon was the first surgeon. Compared to assistant surgeons, anastomoses performed by surgeons showed more anastomotic leakage (10% vs 18%, p=0.09). The visual analogue scale recordings showed a median estimated probability for anastomotic leakage of 7.8% with an uneven distribution (mean 9.5 SD 6.2%, range 0.7-29.1%), as shown in Fig. 3 . There were no significant differences between surgeons and assistant surgeons in respect to visual analogue scale score (7.8% vs 8.5%, p = 0.96). For anastomoses in the ascending and transverse colons, the median estimated probability of leakage was 5.7% SD 4.7%; in the descending and sigmoid colons 10.3% SD 6.0%; and in the rectum (≤15 cm from the anal verge) 9.5% SD 6.7%.
Patients showed more often anastomotic leakage when a defunctioning stoma was constructed (6/35%), compared to patients without stoma (21/12%, p=0.01). The estimated risk by the surgeon for anastomotic leakage was 11.80% (SD 7.9%) when a stoma was constructed vs 9.3% (SD 6.0%) without a stoma (p=0.28). In patients with an anastomosis within 15 cm of the anal verge (n=76), seven (26.9%) patients showed more often leakage after mobilisation of the splenic flexure, compared to six (12.2%) patients without mobilisation of the splenic flexure (p= 0.01). No significant difference in estimated risk for anastomotic leakage was seen when comparing mobilisation of the splenic flexure vs no mobilisation (11.8% SD 7.5% vs 10.6% SD 6.3%, p=0.47). Fig. 3 Histogram representing estimated risk of anastomotic leakage (VAS score) as recorded by the operating surgeon. The cumulative number is shown on the y-axis, the x-axis shows the estimated percent of leakage A multiple regression analysis was performed on preoperative and intra-operative factors associated with anastomotic leakage (Tables 4 and 5 ). Duration of operation was associated with anastomotic leakage of anastomoses above 15 cm of the anal verge, in the ascending, transverse and descending colons. For anastomoses within 15 cm of the anal verge, mobilisation of splenic flexure, more distal anastomoses, oliguria during and after the operation and cardiac comorbidity were independent predictors of anastomotic leakage. When anastomotic height was not entered into regression analysis, the use of intra-operative vasoactive drugs and preoperative irradiation were significantly associated with anastomotic leakage. The number of patient-related risk factors for patients without and with anastomotic leakage are depicted in Fig. 4 . Patients with an anastomotic leakage showed a higher rate in the number of risk factors compared to non-anastomotic leakage (5.8 SD 2.5 vs 4.6 SD 2.2, p=0.02).
The accuracy of the surgeons' estimation of risk for anastomotic leakage is shown in a receiver-operator characteristics curve for anastomoses >/≤15 cm from the anal verge (Fig. 5) . When considering the median (7.1% >15 cm, 9.5% ≤15 cm from the anal verge) as the cut-off point for elevated risk in the surgeons' prediction of anastomotic leakage, sensitivity was 38% for high anastomosis and 62% for low anastomosis, and specificity was 46% and 52%, respectively, for an accurate risk assessment of anastomotic leakage. When comparing assistants and surgeons, sensitivity was 44% (median VAS ≤8.5%) and 41% (median VAS≤7.8%), specificity 59% and 48% (p=0.20), respectively.
Discussion
In this study, we evaluated the accuracy of the surgeons' judgement in prediction of anastomotic leakage in colorec- tal anastomoses. The clinical judgement of the operating surgeon in our study appeared to have low sensitivity and specificity for all anastomoses. When taking into account the relatively low exposure to anastomotic leakage of individual surgeons (i.e. a mean of 13.6% in this study), it might not be surprising that anastomotic leakage is difficult to predict (i.e. having a low a priori risk), thus resulting in a low post-test odds (11%) of correctly predicting anastomotic leakage. The results of our study clearly identify the lack of a reliable intra-operative predictive test for anastomotic leakage by the operating surgeon, whereas several studies identify a large number of risk factors for anastomotic leakage. In general, the global, clinical judgement seems to localize a subset of patients at risk for developing complications in general, whereas many patients with no risk factors at all may develop anastomotic leakage [12] . The risk factors for anastomotic leakage identified by univariate and multivariate analysis in our study corroborate with those found in other studies [1] [2] [3] [4] [5] [6] [7] [8] . Similar to these studies, the number of risk factors present in an individual patient appeared to be an important predictor of anastomotic leakage in all anastomoses. This finding was previously described in two large studies [1, 15] . Mäkelä et al. described leakage rates of 76% in patients with three risk factors, 87% with four risk factors and 100% in patients with five risk factors [15] . In Alves' study, leakage rates increased from 38%, when two risk factors were present, to 50% in the presence of three risk factors [1] . We found a similar increase in risk of anastomotic leakage with increasing risk factors, although the risk did not increase linearly. Furthermore, data on the weight of individual risk factors and the total amount of risk factors considered relevant are not readily available in the other two studies addressing this issue.
When considering individual risk factors for anastomotic leakage, it should be emphasized that construction of a defunctioning stoma and mobilisation of the splenic flexure might be considered a risk factor, as well as a measure to prevent anastomotic leakage. When conducting separate analysis for leakage rate and risk estimation, we found significantly higher leakage rates after mobilisation of the splenic flexure and construction of a stoma, showing that anastomotic leakage is not prevented by these measures. Moreover, the surgeons did not report a higher estimated risk for leakage in these patients on the basis of the visual analogue scale. This might point towards an underestimation of the leakage rate by the surgeon after mobilisation of the splenic flexure and construction of a defunctioning stoma. Another explanation might be that these procedures are mainly carried out in anastomoses within 15 cm of the anal verge and therefore present an epiphenomenon instead of a true causative relationship.
Markus et al. evaluated the clinical judgement of the operating surgeon (denominated as 'gut feeling') as a predictor for general post-operative mortality and morbidity Fig. 4 The number of risk factors present in patients with (light bars, mean 5.8 SD 2.2) and without (dark bars, mean 4.6 SD 2.2) anastomotic leakage are depicted (p=0.02). Error bars represent standard deviation in large surgical interventions, comparing clinical judgement and prediction by POSSUM scores to actual outcome [14] . In this study, the surgeons' general clinical judgement was more accurate than POSSUM scores in upper gastrointestinal and hepatobiliary procedures but not in colorectal procedures. Pettigrew et al. compared the predictive value of the judgement of the operating surgeon for development of post-operative complications based on a global assessment of the patient, with the assessment of an independent physician performing a complete physical examination and with several anthropometric indices [13] . In a population of 218 patients undergoing major gastrointestinal surgery, they reported that global risk assessment by the operating surgeon is less accurate (sensitivity 32%, specificity 83%) than careful assessment of in particular cardiorespiratory disease and nutritional status of the patient. In a third study using a similar design [12] but evaluating the surgeons' judgement before and after surgery as well, they concluded the surgeons' post-operative judgement to be superior to the surgeons' preoperative judgement or assessment of either preoperative patient factors or systematic clinical factors. Based on this striking finding, they concluded that surgical performance during the operation is an important predictor of post-operative complications. Considering this latter study [12] , it might be assumed that the surgeon is able to reliably predict the risk of anastomotic leakage, but as mentioned by Markus et al. [14] , they found the surgeons' risk estimation after completion of the operation not to be a good predictor of post-operative complications, particularly in colorectal surgery. This finding is emphasized by our study. One should be aware that none of the aforementioned studies addresses anastomotic leakage as primary end point in particular. Furthermore, it needs to be addressed that VAS has not been used before to estimate leakage rates and should therefore be considered a rough measure. However, we used the VAS in the design of this study as a more reliable estimation than simply asking the surgeon to estimate the risk of leakage as a percentage [15] .
In conclusion, this prospective study has shown that global clinical risk assessment of anastomotic leakage by the operating surgeon has low predictive value for anastomotic leakage and underestimates the risk of anastomotic leakage. This clearly supports the need for the development of a more reliable predictive test. Such a test should be carried out intra-operatively, real-time and easy to acquire, to interpret and to act on. Moreover, the test should have a high sensitivity for anastomotic leakage because of the detrimental effect of missing a leak. When taking the possible pathophysiological mechanism of anastomotic leakage into account [16, 17] , probably a diagnostic test which measures microperfusion before and after creation of an anastomosis will be most suitable. At our centre, we are developing optical imaging techniques such as visible light spectroscopy [18, 19] and multispectral fluorescence imaging techniques [20] to evaluate realtime microperfusion in gastrointestinal surgery. Future (pre)clinical studies will elucidate the value of these techniques. Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.
